Most proceduresperformed in the blood-bank lab- 55455.
beam was collected by a low-power microscope.A slit withinthe ocularin the image plane of the objective limitedthe field of view to the central portion of the capillarytube. The configuration was essentially a dark-field opticalsystem, in that the source and detector were positioned so that very little light reached the detector in the absence of a scattering particle. A photomultiplier was located at the microscope ocular and was connected to circuitry that produced a uniform amplitude output pulse for each scatter pulse exceeding some adjustable threshold amplitude. The threshold was set by passing a stream of individual cells through the system and lowering the amplification of the signal until the output pulses ceased. The pulses that were subsequently produced by the larger clumps of agglutinated cells were counted electronically. The apparatus displayed considerable sensitivity and a low background signal in the absence of agglutination.
We continued this approach by designing and constructing a four-channel detection system of a more optimal design. The 0.508-mm wide sift at the microscope eyepiece (relay optics) defines the width (E of the gate as 0.0508 mm. A number of possible particle paths are Indicated (N.P,O.6). Similar particles following any of these paths will scatter lIght ofthe same maximal Intensity to the detector although the duration of maxImal scatter will decrease as the particle moves closer to the wall of the tube Other considerations influenced this design. The light was to enter the tube at a sufficiently large angle so that the entire cross-section of the bore would be maximally illuminated, allowing the accurate evaluation of all particles. A detailed drawing of a longitudinal section of the flow tube ( Figure 2 ) shows that the maximal intensity of detector illumination occurs in a trapezoidal region, which we shall refer to as the "optical gate." A particle passing anywhere within this region will be subjected to the same intensity of illumination.
Materials and Methods

Considering
However it can be seen that the width of the gate varies across the diameter of the tube. Thus any one of a number of identical particles The lIght scattered from particles In the flow tube is focused upon a silicon photodetector whose electrical output Isamplified by a preamplifier. To minimize noise-pickup problems, the preamplifier Is located In the same housing as the photodetector, which is mounted directly on the relay optics. Following an additional amplification stage, the signal Is fed to a comparator circuit. which produces an output voltage If the scatter signal exceeds an arbitrary reference voltage. The comparator output pulses are counted by means of a commercIal electronic pulse counter. The amplifier output signal Is available for displayon an oscilloscope(see Figure 8) will produce a scatter signal of the same maximal intensity, although the duration of time during which maximal scatter occurs will depend on the location of the cell as it crosses the optical gate:
Finally, a ray tracing of the scattered light entering the receiving optics (Figure 3) illustrates that by using a slit-aperture stop at the entrance aperture, we can narrow the region from which scattered light will be detected, thus providing maximal spatial resolution.
The electronic circuitry is shown in Figure 4 , and for each channel it consists of the photodetector, a pre-amplifier, an amplifier, and a voltage comparator that allows the selection of those pulses that are to be counted as agglutinates.
The comparator will pro- The signal-to-noise ratio obtained with this optimized design is 6:1 when counting single erythrocytes Fig. 6 . A four-channel detection system
The large black cabinet houses four optical systems identical to that shown in Figure 5 . The electronic circuitry and controls, apart from the preamplifiers, are housed in the grey cabinet in the center. The counter and printer can be seen at the right
Results
duce an output pulse for each scatter pulse, which exceeds threshold amplitude regardless of the duration of time it scattersmaximally (i.e., regardlessof its locationin the gate).These output pulses are counted with a commercially available electronic counter and printed on a paper tape. A single-channel detector, which was built first to test the design, isshown inFigure5 and can be easily compared with the optical diagram of Figure 1 . Figure 6 shows the four-channel unit with its associated electronic equipment.
For the studies described in this paper, cells and antiserum were manually added to small plastic cups held in a sampler similar to those used with continuous-flow chemical analyzers.
After a period of incubation at room temperature, the reaction mixture was diluted and pumped through the detector by means of a peristaltic pump. The electronic pulse counter was gated for a fixed time (8 or 10 s).
The electrical noise level of the system is very low, the signalfrom single erythrocytes passing through the system being six times higherthan the noiselevel observed when cell-free saline passes through the detector (Figures 7 and 8 were mixed with various dilutions of antisera and allowed to incubate at room temperature. It can be seen that the background count in the absence of cells was uniformly zero while nonagglutinated cells produced counts no greater than 6. The only cell type that did not react with anti-A was A4, which cannot be detected by direct agglutination by any method. It can be seen that the maximal count does not always occur at maximal antibody concentration as in the case of the strongly reacting A1 and A2 cells. A reaction that is too strong will produce larger agglutinates but there will be fewer of them to be counted. through the detector, the reaction mixture may be collected for direct microscopic examination. Figure 9 is a photomicrograph of a reaction mixture that produced a count of about 175 agglutinates in 8 s. Results of a typical Rh typing are illustrated in Table 2 . It can be seen that the D" cells were readily detected but required a higher antibody concentration than the other D cells. Table 3 summarizes data obtained for an antibody screening procedure in #{149}which we used three sera known to contain anti-K, anti.Fya and anti-D, respectively.
The use of the system for serum typing ("reverse typing") is illustrated by the data presented in Table   4 . In this experiment an unexpected anti-D was detected in a group-O serum. Table 2 
Discussion
Nonagglutinatedcells
Anti.A dilution
The discrete-particle light-scatter technique appears to have significant potential for the automation of procedures based upon agglutination reactions. It is relatively simple and trouble-free in operation and is very sensitive. If our concern is principally whether or not agglutination isoccurring, itisrelatively independent of the hematocritof the erythrocyteprepa-10 rationused (4).Thus it can be applied to random erythrocytespecimens without concern for variation in hematocritamong them. The sample sizemay be 0 scaleddown to resultin a considerablereductionin 7 the quantityofreagentsconsumed.
Furthermore, it is 8 basically a digital device, which can easilybe inter-2 faced with automated data-processing systems. 2
The instrument described here represents only the detection portion of a potential total system. It may be used manually or with current continuous-flow instruments.
We are presently engaged in the design of a system that will automatically carry out the various procedural steps in a discrete fashion before present- 
Neg. control
Titers weresetup according to routine manual methods. After manual macroscopic reading, the same tubes were diluted to 1.5 ml with physiological saline and sampled into the detector. The negative control was prepared similarly, with saline in place of serum.
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One drop of cell suspension (3-5%), one drop of bromelin (1 g/dl) and 0.1 ml serum was incubated 15-20 mm at room temperature.
The mixture was diluted to 3 ml with physiological saline and 10-s counts were recorded. The negative control was prepared inthe same fashion, substituting saline for serum. bAtypical antibody (anti.D) present in donorserum. The resemblance between the data on the number of counts vs.antibody concentration and the general precipitin curve (antigenexcessvs.antibody excess) raisesa questionas to the usefulness ofthisdetection system in its present form for antibody screening. One can titer blood-grouping antisera to achieve maximum number of counts as opposed to maximum agglutination.
However, antibody concentration in the serum is obviously variable and the data indicate that a plasma with high antibody concentration may produce only a few counts, similar to plasma with low antibody concentration, thus requiring the operator to run at least two samples at different dilutions to determine antibody concentration. This will become a significant problem if, as the authors have indicated, the sensitivity of the light-scatter device is much greater than conventional direct agglutination techniques.
The first author responded to this as follows:
While the data may resemble that of a classical precipitin curve, the significance of the decreased signal in the presence of high antibody concentration is quite different.
It merely reflects the presence of large clumps of cells, which necessarily are fewer in number than the numerous smaller clumps that form at lower concentrations.
I do not think that this represents a major problem. When the total system is complete, it will perform a multiplicity of simultaneous assays and we would simply choose to use more than one antibody dilution to check for this potential problem.
Furthermore, we might simply look for large clumps by adding a second and higher level of pulse-amplitude discrimination.
